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@ Processtormaldng amines from aicoltois and catalysts ttieref or. 

^ Mono- and di-lowar alkylamines, e.g. metiiylamlne or 
dimethylamine, are allcylated by reaction with Ca-aa alcohol in 
the presence of hydrogen at a temperature of 150-275'C In 
contact with copper-2inc-aB<aline earth mstai base containing 
catalyst (e.g.. CuO-ZnO-Ba(OH)2) while removing water formed 
In the reaction. 



CM 
< 

5 



00 



QL 
Ul 



BundBsdmclwiiti Berlin 



BNSDOCID: <EP_ 



_(EB1417ASJ_> 



0 281 417 

Description 

PROCESS FOR MAKING AMINES FROM ALCOHOLS AND CATALYSTS THEREFOR 

It has long been known that alcohol can react with ammonia or primary or secondary amines to replace one 
or more hydrogen atoms bonded to nitrogen with the alkyi residue of the alcohol. The reaction is promoted by 

5 catalysts. Use of a supported oxygen compound of phosphorus is reported in U. S. 2,073,671. Another 
process Is described in U. S. 2,160,053 using copper-barium-chromium oxides, copper-chromium oxides or 
copper-aluminum oxides. Reaction of ethylene glycol with ammonia using a catalyst such as riiokel-aluminum, 
nickel-silicon, nickel, copper, copper-chromium, copper-zinc-chromium, thorium, magnesium, molybdenum 
or osmium oxides is said to form alkoxy amines according to U. S. 2,160,058. Reaction of an alcohol with 

10 ammonia or an amine in the presence of hydrogen using an alumina or silica supported cobalt-nickel-copper- 
catalyst is described in U. S. 4,014,933. Hoshino et al. U. S. 4^10,605 describe a process for making aliphatic 
amines by reacting an aliphatic alcohol or aldehyde with ammonia or a primary or secondary amine using a 
homogenous colloidal catalyst formed by dissolving a copper or sliver salt of a fatty aofd In alcohol and 
reducing the metal. Optionally the solution can contain a Group VIII metal carboxylate or a manganese or zinc 

15 metal carboxylate. It can also contain an alkali metal or alkaline earth metal carboxylate. The catalyst formed is 
a homogenous colloid that cannot be separated by filtration. In contrast the present catalyst Is a solid catalyst 
that can be removed by filtration and recycled. 

More recently, U. S. 4,409,399 describes the alkylation of ammonia or a primary or secondary amine using as 
the catalyst an unsupported copper oxide or hydroxide-nickel oxide or hydroxide and optionally « Group II 

W metal oxide or hydroxide. 

One of the problems encountered vrtien making long-chain alkyi di-lower alkylamines such as C8-22 alkyi 
dimetirylamlnes by the reaction of a long-chain Edcohol with a di-lower alkylamine is that any unreacted 
long-chain alcohol remaining in the reaction mixture will boil at about the same temperature as the desired 
product which makes purificat'ion very difficult. Hence it is essential that conversion of aksohol be essentially 

25 coimplete, e.g., at least 950/o, to have a commercially viable process when making an amine such as a Cb-22 
alkyi dimethylamlne. Likewise it is essential that diproportionation to form long-chain alkylamine and/or 
long-chain alkyi mono-lower alkylamine be minimized as these primary and secondary amines are also 
extremely difficult to separate from the desired long-chain alkyi di-lower alkylamine product, 
it has now been discovered that both mono- and di-lower alkylamines can be alkylated in high yields by 

30 reaction with an alcohol in the liquid phase and In contact with a supported or unsupported catalyst which 
Initially consists essentially of copper or copper oxide, zinc or zinc o}dde and an alkaline earth metal base. The 
catalyst can optionally include cobalt, chromium and/or nickel. Introduction of hydrogen during at least part of 
the reaction increases the alkylation rate. 
A prefenred embodiment of invention is a process for alkylating an amine by reacting a mono- or di-lower 

35 alkylamine with an alcohol in the liquid phase at a temperature of 1OQ-300'*C and in corrtact \srith a non-colloidal 
catalyst consisting essentially of { 1 ) copper and/or copper oxide, (2) zinc or zinc oxide and (3) an alkaline earth 
metal compound. 

The process can be conducted by forming a mixture of the alcohol and an alkylamine or diaikylamine 
containing the catalyst and stirring the mixture at reaction temperature, optionally but preferably while 

40 contacting the mixture with hydrogen. In practice the hydrogen can be sparged into the liquid phase and the 
off-gas, consisting mainly of hydrogen, passed through a condenser to condense water and other volatiles 
which co-distill. The hydrogen can then If desired be recirculated to the reaction mixture. Any amine or alcohol 
lost in the vent stream can be made-up by adding additional alcohol or amine. 
The reaction temperature can vary widely. The temperature should tie high enough to cause the reaction to 

45 proceed at a reasonable rate but not so high as to cause decomposition of reactants or products. A useful 
temperature range in which to experiment is 180-300°C. A preferred temperature is 150-275°C. A more 
preferred temperature range is 180-250'*C. Excellent results have been achieved in the range of 190-230''C. 

The reaction can be conducted at atmospheric pressure or above or below atmospheric pressure. Best 
results have been achieved operating at atmospheric pressure. However, if pressure Is required to reach the 

50 desired alkylation temperature or to increase the amount of amine in the reaction mixture, then such pressure 
can be applied. When operating under pressure it is still preferred to sparge hydrogen through the liquid phase 
and to vent the vapor phase through a pressure regulating valve. 

The ratio of alcohol to amine can vary over a wide range. Stolchlometry for C8-22 alkyi dimethylamlne 
requires one mole of alcohol per each mole of diaikylamine. in practice an excess of amine can be used. Any 

ss unreacted amine can be later removed by distillation. When using a higher alcohol and a lower dialkyl amine 
such as dimethylamlne, it is prefen-ed to have the amine in large excess so tiiat all or almost all of the alcohol is 
consumed. This is because the higher alcohols are very difficult to separate from the higher alkyi dl-lower 
alkylamines. A useful range is 1.1-20 moles of di-lower alkylamine per mole of higher (e.g. C8-22] alcohol. In 
practice the di-lower alkylamine in the vapor phase, preferably in combination with hydrogen, is continuously 

60 injected into the heated liquid reaction mbcture. The di-lower alkylamine that does not react with the alcohol 
can be recovered from the vent gas and reinjected until substantially all (e.g., at least 95 percent) of the alcohol 
is converted. 

When making a di-(Cs 22 alkyi) methylamlne the ratio of alcohol to mono-alkyi amines should be high 
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enough todialkylate all or almost ail of the Initial aikyi amine. An efficfent way to conduct the process is to feed 
mono-alkyl amine untHthe mole ratio of alcotiol to amine feed Is 1,8-2.5:1. The mono-all<yr amine addition can 
be discontinued and one can proceed to monitor the reaction composition using gas chromatography (QC) as 
the reaction proceeds. If it is seen that the alcohol is consumed while substantial amounts of mono- and/or 
di-alkyt amine remain, then more alcohol can be added to convert the mono- and/or di-alkyl amine to trl-alkyl s 
amine. If on the other hand the amines in the reaction, mixture are all or almost all tri-alkyl amines while 
unreacled alcohol remains, then additional mono-alkyl amine can be added to react with this alcohol. The 
stoichiometric ratio for the reaction is 2 moles of alcohol per mole of alltyl amine but the amount of alcohol and 
amine actually fed or added to the reaction may vary somewhat from this ideal ratio due to factors such as 
mono-alltyi amine being lost !n the vent gas. 

The reaction is conducted for a period of time adequate to achieve the desired degree of alkylation. The 
reaction is usually complete in 1-24 hours. A preferred reaction time is 2-12 hours. Under the most preferred 
reaction conditions the reaction is essentially complete in 6-10 hours. 

The catalyst or mixture of catalysts used in the reaction contains the elements copper, zinc and an alkaline 
earth metal. The catalyst may be supported or unsupported. Minor amounts of other metals may be present as is 
long as they do not interfere with the catalytic action of tiie Cu-Zn-alkallne earth metal. The presence of any 
other catalytic metal is unnecessary. However, the presence of minor amounts of cobalt, chromium and/or 
nickel is not considered detrimental. 

The copper may be In Uie form of copper metal, copper oxide or copper carbonate (e.g. malachite, 
CuCOsCutOHJaj. The form in which the copper exists may vary during the reaction due to the environment In so 
which the catalyst exists. TTie copper catalyst is preiferably added in ttie form of copper oxide. Copper 
carbonate is believed to fomi copper oxide In tfie reaction. Partial reduction to a lower valence or to copper 
metal may occur, especially If the catalyst is contacted with ttie hydrogen before and/or during the alkylation. 
However there is no indication of copper metal formation. 

Zinc can be added as zinc metal powder or in the form of a zinc compound such as zinc oxide, zinc 25 
hydroxide, zinc carbonate, zinc acetate, zinc formate, zinc chloride, zinc sulfate, zino phosphate and the like. 
Preferably the zinc is added in the form of zinc oxide. 

Alkaline earth metai can be Introduced in the the form of an alkaline earth metal compound such as barium 
oxide, barium hydroxide, barium carbonate, barium sulfate, barium chloride, calcium oxide, calcium hydroxide, 
calcium carbonate, magnesium oxide, magnesium hydroxide, magnesium carbonate and the ilka including so 
mixtures thereof. Preferably the alkaline sartfi metal is a basic compound. The most prefenred alkaline earth ' 
metal Is barium and Is introduced in the fonm of a basic barium compound such as barium oxide, barium 
hydroxide, barium carbonate or mixtures thereof and the like. The most prefemsd form of barium is barium 
cartronate. 

, The catalytic metals can be Introduced separately or as a single compound or mixture of compounds. That Is 35 

the catalyst can be introduced by adding copper or a copper compound, zino or a zinc compound and an 
alkaline earth metal base as three separate components. For example, the catalyst will form by adding copper 
oxide, zinc oxide and barium hydroxide separately to the reaction mixture. 

Alternatively the copper, zinc and alkaline earth metal may be co-preolpitated from a solution to form an 
intimate catsdytio mixture. For example, copper nitrate, zinc nitrate and barium nitrate may be dissolved in 40 
aqueous nitric acid and precipitated as oxides and/or hydroxides by adding sodium hydroxide or carbonate to 
form an alkaline mixture. The co-precipltHted mixture can be filtered to recover the solid catalyst, dried and 
crushed to form a fine powder which can be added to the reaction mixture as the catalyst. 

Another way to fomi the catalyst is to impregnate a catalyst support with an aqueous solution of a water 
soluble salt of the catalytic metsJ. For example, an aqueous solution of copper nitrate, zinc nitrate and barium 45 
nitrate may be formed and used to Impregnate a catalyst support such as alumina, silica, silica-alumina, 
magnesia, zirconia, kleselguhr, natural and synthetic zeolites and mixtures of the foregoing supports. The dry 
support is placed in the aqueous catalyst solution and allowed to absorb the solution. The remaining solution 
can be drained off or evaporated. The impregnated support is then dried and finally calcined at an elevated 
temperature, for example 400-800°C In the presence of air to form the active catalyst. ' so 

The atom ratio of copper to zinc to alkaline earth metal can vary widely. A useful range of catalytic metal Is 
10-100 copper: 10-100 zinc; 0.02-40 alkaline earth metal. More preferably the atom ratio Is 10-80 copper: 10-30 
zinc: 0.1-10 alkaline earth metal and most preferably about 20:20:1. 

The amount of catalyst in the reaction mixture should be a catalytic amount. This means an amount which 
will catalyze the reaction of the alcohol and amine to alkylate the amine. The amount of catalyst Is expressed in ss 
temis of weight percent total catalytic metal based on the weight of the reaction mixture. A useful range of 
catalyst Is 0.001-25 weight percent. A more prefen-ed amount of catalyst Is 0.05-7 weight percent and a most 
preferred amount of catalyst is 1-5 weight percent. 

Previous catalysts containing copper that have been used to catalyze the reaction of amines with alcohol 
suffered from the problem that the copper tends to dissdve in the reaction system and deposit throughout the eo 
reactor. This is readily apparent from the blue color of the reaction mixture. Surprisingly, It has been found that 
in the present catalyst system frie copper does not appear to dissolve as shovm by the lack of blue color in the 
liquid phase. 

The catalyst can be recovered at the completion of the reaction by settling and/or filtration. Hltratlon is 
Improved by including an inert filter aid such as Cellte diatomaceous earth in the reaction mixture. Optionally & 
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the catalyst may be supported as previously described which makes separation much easier. The recovered 
cat%st can be recycled without further treatment and wiUiout noticeable loss of activity. If desired the catalyst 
may be dried prior to recycle. 
The process can be used to alkylate the nitrogen atom of eury primary or secondary amine. Examples of 
5 primary amines indude methylamine, ethylamine, 1 -propylamine, isobutylamina, Ibu^iamlns and the lil^e. 
Preferred monoalkylamines are those in which the alkyi group contains 1-8 carbon atoms and more preferably 
1-4 carbon atoms, especially methylamine. 

Examples of secondary amines include dimethylamine, diethylamine, di-n-butyl amine, didecyiamlne, 
d!(2-ethyidecyl)amine, dioctadecylamine, methyl dodecylamine, methyl eicosylamine, methyl docosylamine, 
10 methyl triacontylamine, isobuty! 2-ethylhexyl amine, n-butyl hexadecylamine, ethyl nonylamine. ethyl 
tetradecylamine, methyl cyclohexylamine, ethyl cyclohexylamine, piperazine, piperidine, N-methyl aniline, 
N.N'-dimethyl phenylene diamine and Itie like. The preferred secondary amines are the di-lower alkylamines 
such as the di-Ci-4 alkylamines. The most preferred secondary amines are di-Ci-2 alkylamines, especially 
dimethylamine ("DMA"). 

15 Any alcohol containing 1 to 30 carbon atoms can be used. Representative examples of these aicohols 
include methanol, ethanoi, isopropanol, n-propanol, isobutanol, n-butanol, 2-ethyl hexanol, n-octanol, 
n-decanol, n-dodecanol, 2-ethy(d8cyl alcohol, n-tetradecanol, n-hexadecanol. n-octadecanol. 2-ethyihexade- 
cyl alcohol, n-eicosanol, n-docosanol,2-ethyleicosyl alcohol, n-tetracosanol, n-lrlacontanol and the like. 
The most useful alcohols are the Ce-2Z mainly straight chain primary alcohols. By 'mainly' is meant at least 

20 80 mole percent. 

The reaction is preferably conducted in the presence of hydrogen during at least a portion of the reaction. 
As mentioned earlier the hydrogen can be sparged into the reaction liquid phase together with the di-lower 
alkylamine (e.g., dimethylamine). The amount or rate of hydrogen sparge does not appear to be critical and 
indeed the alkylation will proceed without hydrogen sparge albeit at a slower rate. A useful hydrogen sparge 

25 rate is 0.001-1000 moles of hydrogen per hour per mole of alcohol. 

The hydrogen sparge can be used intermittently oroontinucusiy during the alkylation. The hydrogen can be 
diluted with an inert gas such as nitrogen. In one embodiment, hydrogen or a mixfaire of hydrogen and nitrogen 
are Injected at the start of the reaction to activate the catalyst and ttien the hydrogen stopped while the 
nitrogen sparge Is started or continued to assist in water removal. If the reaction rate decreases additional 

30 hydrogen can be added to the dMower alkylamine sparge either continuously or periodically Id re-activate the 
catalyst. 

An especially preferred embodiment of the invention is a process for making Cs-zs aikyi dlmeth^amine, 
said process comprising, 

(A) mixing a catalyst consisting essentially of a copper oxide, zinc oxide and an alkaline earth metal 
35 base with aC8-22 primary mainly straight chain alcohol 

(B) contacting the mixture of alcohol and catalyst with hydrogen while heating to a reaction 
temperature of 1 80-250° C 

(C) adding cfimethylamine to the mixture of EJcohol and catalyst while at said reaction temperature In an 
amount sufficient to convert at least 95 percent of said alcohol to Cs-ee alkyI dimethylamine Emd 

40 (D) recovering said Cs -22 alkyi dimettiylamine. 

Another especially preferred embodiment of the invention is a process for making a di-(Ce~22 alkyI) 
methylamine, said process comprising: 

(A) mixing a catalyst consisting essentially of a copper oxide, zinc oxide and an alkaline earth metai 
base with a Ce -22 primary mainly strsJght chain alcohol 
45 (B) contacting the mixture of alcohol and catalyst with hydrogen while heating to a reaction 

temperature of 180-250° C 

(C) adding methylamine to the mixture of alcohol and catalyst while at said reactiwi temperature in an 
amount sufficient to convert at least 95 percent of said alcohol to Cs-22 alkyI dimethylamine and 

(D) recovering said Cs -22 alkyl dimethylamine. 

SO in these especially preferred embodiments the catalyst is mixed with the alcohol before the catalyst 
contacts the amine. The alcohol catalyst mixture Is then heated rapidly to reaction temperature, 180-250° C, 
while contacting the mixture with hydrogen. This serves to activate the catalyst. Once in this activated state the 
amine reactant can be added without degrading the activity of the catalyst. Contact of the catalyst with amine 
prior to hydrogen activation has been observed to sharply curtail the reaction rate. 

55 in an optional mode of operation the catalyst can be preactivated during manufacture and then added to the 
alcohol. The alcohol can be pre-heated to reaction temperature prior to catalyst addition or post-heated rapidly 
to reaction temperature. Amine feed is then commenced preferable with at least some hydrogen to maintain 
catalyst activity. 

The following examples serve to show how the process is carried out and the results which are achieved. 

eo 

Example 1 

In a reaction vessel was placed 100 grams of commercial grade n-dodecanol (EPMA-12 alcohol, Ethyl 
Corporation), 1.0 grams CuO powder, 1.0 grams ZnO powder and 0,2 grams Ba(0H)2- 8H2O. The vessel was 
then purged by sparging nitrogen into the liquid phase and allowing the excess nitrogen to vent The reaction 
65 mixture was heated to 100°C while stirring. Nitrogen sparge was stopped and hydrogen sparging was started 
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at 0.8 SCFH. Heating was continued to 200° C at which temperature hydrogen sparge was reduced to 0.4 
SCFH and dImetlTylainfne (DMA) feed in a gas state was started. Over-a 4-hour period, 115 grams of DMA was 
fed at 202-205*'C. The vent gas (mainly hydrogen, Linreaoted DMA and volatiles) was passed through a 
condenser and condensate collected in a Dean Stark water trap forming a 2-phase condensate. The lower 
aqueous phase was removed and weighed 9.6 grams. After standing overnight, the mixture was again heated 5 
to 115°C with nitrogen sparge and then nitrogen was shut off and hydrogen sparge commenced at 0,8 SCFH. 
Heating was continued up to 200° C and DMA vapor feed again started while dropping the hydrogen sparge to 
0,4 SCFH. DMA feed was continued for 3 hours to feed an additional B5 grams of DMA while passing the vent 
gas through the water trap. An additional 1.6 grams of aqueous layer was removed. The reaction mixture was 
cooled and filtered to remove the catalyst giving 75,1 grams of filtrate. The filtrate was analyzed by gas ia 
chromatography (QC) as follows: 



Area Percent 

15 

dodecj-l dimethyl amine S3. 5 

dialki'lmethylamine 3 . 2 

dodectnol I.4 

Examples 2-4 ^ 
The above procedure was repeated with the following modifications: 

Reaction Reaction 
Example Temp f*C^ Time fHrs^ ^ 

2 230 4 

3 206 7 35 

4 200 8 

The product was analyzed by GO (area percent) as follows: ^ 

Example 





1 


3. 




46 


dodecyl dimethylamine 


86.6 


93.8 


95.1 




dialky Imethy 1 amine 


10.9 


3.2 


2.7 


50 


dodecanol 


0.2 


1.2 


0.3 





65 

Examples &-7 

These examples show the process conducted with catalyst reoycie. In each case the reactor charge was 
about 100 grams of n-dodecanol plus catalyst. Reaction time was 8 hours at 200-204° C with 140 grams of DMA 
feed (145 grams in Example 7) and hydrogen sparge at 0.4 SCFH. In Example 5 the catalyst charge was 1.0 
gram ZnO, 1.0 gram CuO and 0,2 gram Ba(OH)2'8H20. 

In Example 6 the catalyst was 2.8 grams of filtered wet catalyst recovered from Example 5 plus 0.22 grams of 
fresh CuO-ZnO-Ba(OH)2-8HaO catalyst in the same metal ratio as before. 

In Example 7 the catalyst was 1 .7 grams of recovered vret catalyst from Example 6 and 0.22 grams of fresh 
CuO-ZnO-Ba(OH)2-8H20 catalyst. 

The following tEi)le shows the result of the recycle runs in area percent by GC. gg 
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dodecyl dlmethylaiaine 

dialkyluiethylamine 

dodecanol 



5 

95.7 
2.6 
0.2 



JExaip pl e. 
6 

96.4 
2.2 
0.2 



7 

96.2 
2.4 
0.2 



15 



20 



Little, if any, copper migration was observed In the run. Tiie examples demonstrate that the process is 
capable of giving very higli conversion of alcohol to amines. 

Example 8 

In a 2 liter reaction vessel was placed 940 grams of a commercial grade n-octadecanol (EPALA 18 Alcohol, 
Ethyl Corporation), 10 grams of CuO powder, 10 grams of ZnO powder and 2.0 grams of Ba(OH)2-8H20.The 
vessel was sparged with nitrogen and heated with stirring to 140°C. Nitrogen sparge was stopped and 
hydrogen sparge was commenced at 0.46 SO^H. Heating was continued and at 202°C gaseous DMA was 
Injected Into the liquid phase together with the hydrogen sp^ge. Over a 10-^our period, 550 grams of DMA 
was fed at 216''C. Volatiles removed in the vent gas visre condensed. The reaction mixture was cooled and 
filtered to remove the catalyst. The product analyzed by GC as follows: 



25 - 



30 



35 



octadecenyl dimethylamine 
octadecyl dimethylamine 
dioctadecyl methylamine 
octadecanol 
other 



Area Percent. 
2.1 
85.1 
7.5 
0.28 
5.0 



Examples 9-13 

A series of tests was conducted without hydrogen sparge to measure the reiattve activity of several catalyst 
systems without attempting to achieve maximum conversion. In these tests an autoclave was charged with 100 
grams of n-dodecanol and the indicated catalyst. Then 30 grams of DMA was added and the autoclave sealed 
^ and pressurized to 100 psig with hydrogen. Over a 30-minute period the autoctavs was heated to 210° C and 
then stirred at 210''C for exactly four hours. The reaction mixture was then sampled and analyzed by GC. The 
results of Examples 9-13 are tabulated in the following table: 



SO 



55 



SO 



65 
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Procauct fAr== %^ 



Example 
9 

10 
11 
12 



13 



Catalyst 

1.0 c Cud 
0.1 c Cr203 
0.1 g BaO 

1.0 g CuO 
0.1 c 0:303 
0.1 g BaO 
1.0 g ZnO^ 

1.0 g CuO 
0.1 g CTjOj 
0.1 g BaO 
1.0 c ZnO 

1.0 g CuO 
1.0 g ZnO 
0.1 g Ba(CH)2 

1.0 g ZnO 



n-dodecanol 



80.8 



n-dodeq.-l n-dodecyl 
diroethv-i methyl 
amine amine 



66.9 



73.3 



93.3 



99.5 



18.1 



29.: 



22.7 



6.0 



traca 



1.1 



2.3 



1.1 



trace 



10 



IS 



20 



25 



30 



1. Eacil addisd ssparately 

2. Recycled fraz. Eiiaitple 10 



3S 



Comparing Examples 9 and 10 it can be seen that zinc oxide significantly Increases the conversion to 
n-dodecyl dimethylamines from 1 8.1 percent up to 29.7 percent. Comparing Examples 1 0 and 1 2 It can be seen 
that the Inclusion of CraOs with the CuO-ZnO-Ba(OH)2 Increases the conversion to n-dodecyl dimetlTylamine 
while at the same time introducing a small amount of n-dodecyl methylamlne which could be detrimental In 
some instances since rt is difficuit to separate this ooproduct f rom n-dodecyl dimethylamlne. However, where 
the presence of this coproduct Is not delrlmantal the further inclusion of CraOa promoter is advantageous 
wiien nud<lng a Ct-zz ali<yl dimethylamlne. Similar promoter effects are obtained by including cobalt and/or 
nicl<el preferably in form of an oxide. 

The fallowing example shows the process conducted with magnesium carbonate as the alkaline earth metal 
base. 

Example 14 

in a reactor was placed 100 g of a mixture of primary Cis plus Ci b alcohols and a catalyst consisting of 1 .0 g 
copper oxide, 1.0 g zinc oxide and 0.2 g magnesium carbonate. DMA and hydrogen were sparged into the 
vigorously stirred liquid phase at 210° C. The total amount of DMA fed was ^AWo of theoretical. Samples were 
removed every hour and analyzed as follows: 



40 



4S 



so 



ss 



60 



65 



_Q a8]di7A a_i_ 



0 281 417 



10 



Reaction Time fhrs) 

1 
2 
3 
4 



Compos it ion fArea %) 

Alcohol Allcyl Dimet-hylamine ^ 



89.3 
40.4 
8.4 
0.9 



is 1. ^16-18 al^yl dimethy lamine . 

2. Balance is mixture of by-products. 



1.8 

49.6 
82.7 
88.8 



20 



Example 15 

This aikylation was conducted using barium carbonate as tiie all<aline earth metal base. 

In a reactor was placed 1977 g mixed primary Cig-Cia alcohol, 25 g copper oxide, 25 g zinc oxide and 5 g 
barium carbonate. DMA and hydrogen were sparged Into the liquid phase over a 7.6-hour period at 210° C. 
Total DMA feed was 197(Vb of theory. 

The following table gives the results. 



35 



40 



jReaction Time fhrs^ 

1 
2 
3 
4 
5 
6 
7.5 



Com-position (Area %) 

Alcohol Alkyl Dimethvlamine 

63.6 22,9 

46.2 42.3 

26.6 59.1 

18.1 71,3 

8.5 78.6 

3.5 81.6 

0.8 81.3 



45 



Example 16 

This reaction was conducted using the catalyst recovered from Example 15 by filtration and without 
hydrogen sparge. 

In a reactor was placed 2030 g mixed Cie-iB primary alcohols and the catalyst recovered from Example 15. 
The reactor was sealed and DMA sparged into the liquid phase for 10 hours at 210° C. Totai DMA feed was 
1110/0 of theory. The following table shows the composition of the aikylation mixture during the reaction. 



50 


Reaction Time fhrs^ 




Composition fArea %1 


Alcohol 


Alkvl Dimethvlamine 




1 


70.4 


20.2 


55 


2 


53.8 


36.4 




3 


43.0 


46.6 




4 


30.9 


58.6 




5 


21.4 


63.9 


60 


8 


8.7 


74.9 




9 


3.5 


78.1 




10 


1.9 


79.3 



65 These results show that it is not necessary to sparge hydrogen through the reaction mixture during the 



BNSDOGID: <ep_ 



_02B1417fl2J_> 



0 281 417 



alkylation. The rate, however, is somewhat lower without the hydrogen sparge. 
The following example shows the process conducted with a caiciutn base. 

Example 17 

In a reaction vessel was placed 100 grams of commercral grade n-dodecanol (EPALA-12 alcohol, Ethyl 
Corporation), 2.2 grams of mixed CuO/ZnO/CaCOs powders (weight ratio of CuO/ZnO/CaCOs =5/5/1). The 
vessel was then purged by sparging nitrogen Into the liquid phase and allowing the excess nitrogen to vent. 
The reaction mixture was iieated to 103° C while stirring. Nitrogen spwge was stopped and hydrogen sparging 
was started at 0.8 SCFH. IHsotlng was continued to 206" C at which temperature hydrogen sparge was reduced 
to 0.4 SCFH and DMA vapor feed was started. Over a 7-hour period. 1 00 grams of DMA was fed at 206° -21 6° C. 
The vent gas (mainly hydrogen, unreacted DMA and volatiles) was passed through a condenser and 
condensate collected in a clean stark trap forming a 2-phase condensate. The lower aqueous phase collected 
was 15.6 milililtBrs. The reaction mixture was cooled and filtered to remove the catalyst. The filtrate was 
analyzed by GC as follows: 



Area Percent 



dodecyl dimethylamine 93,9 
dialkylmethylamine 3 . 6 

dodecanol l . o 



Ttie following Examples 18-36 show the process conducted with a mono-lower alkylamine. 
Example 18 

In a reaction vessel was placed 50 grams of commercial grade 1-decetfiol, 0.4S grams of copper oxide, 0.01 
grams of zinc oxide and 0.01 grams of barium hydroxide. The mixture was sparged with nitrogen for 15 minutes 
and then with hydrogen. The mixture was heated to 200° C and the hydrogen sparge replaced with combined 
hydrogen and monomethylamine (MMA) sparge at a rate of 5 oc/min each. This was continued for 7 hours. At 4 
hours and at 7 hours ttie reaction mixture was analyzed by GC with the following results: 





4 Hrs 


7 Hrs 


1-decanoi 


3.4% 


0% 


decyl methyl?- ine 


9.2% 


15.5% 


decyl dimethylamine 


0.2% 


0.4% 


didecyl methyl amine 


80.5% 


Bl.5% 


didecyl amine 


0.2% 


0.6% 


decyl decanoate 


1.6% 


1.5% 


decyl decenyl methylamine 


2,7% 


0.7% 


t ridecy 1 amine 


0.3% 


0.3% 



The analyses shows that the yield of didecyl methylamine had plateaued because all of the 1-decano! had 
been consumed. Calculation showed that an additional 8.55 grams of 1-decanol was needed to convert the 
decyl methylamine to didecyl methylamine. This alcohol was added and the mixture reacted at 200° C for 
about 3 hours with hydrogen and nitrogen sparge (5 cc/min each) but without additional MMA sparge. The 
mixture analyzed at the end of this additional reaction jieriod as follows: 



B 



0 281 417 



decyl dimethylamine 0.40/0 
didecyJ methylamine 96.20/0 
decyi decanoate LS^/o 

S Example 19 

In a 100 ml glass reaction vessel was placed 50 grams commercial grade octadecanol, 0.43 grams copper 
oxide, 0.01 grams zinc oxide and 0.01 grams barium hydroxide (anhydrous). This was sparged witli Na for 15 
minutes and then with Hz at 10 cc/min while heating to 200° C for 4 hours. Since octadecanol is a solid at room 
temperature hot water was used in the vent gas condenser so water was not condensed. The sparge was 
10 Stopped and the reaction mixture analyzed by QC: 

octadecanol O.30/0 

dioctadecyl methylamine 96.70A 

unknown 1.8%! 

1 . Tentatively identified as either dioctadecytamine or ootadecyl octadecanoate. 
IS This reaction came out almost perfect without the need to add more alcohol or MMA and conduct a second 
stage reaction. 

The catalyst can be recovered by filtration following each operation and recycled to the next operation. An 
inert filter aid such as dlatomaceous earth can be included when using an unsupported catalyst to make the 
filtration easier. The entire catalyst and filter aid can be recycled to the next operation. 

20 The process has been described as a batch operation. In can be converted to a continuous process by 
placing the catalyst, preferably on a support, in a tubular reactor of sufficient volume to give the required 
catalyst contact time at the desired reaction rate and passing the alcohol down through the catalyst bed while 
passing a counterourrenf flow of hydrogen and lower sdkylamfne up through the catalyst bed while maintaintng 
the catalyst at reaction temperature. 

25 A series of experiments was conducted in a similar manner to made didecyl methylamine from n-decanol 
and MMA. The procedure used was to flush the round bottom glass reaction flask with nitrogen and charge 
100 g alcohol and catalyst. The flask had a stirrer set to run at 200 rpm and Rd'C water condenser over a Dean 
Stark water trap. A sparge tube extended into the liquid phase. The system was first sparged with nitrogen for 
15 minutes and then hydrogen at 1 SCFH with nitrogen sparge stopped. The alcohol-catalyst mixture was 

30 heated at aOO'C over 30 min. while continuing hydrogen sparge. Then MMA (1 SCFH) was mixed with the 
hydrogen sparge. Any water ooliected in the Dean Stark separator was removed. The composition of the flask 
was periodically monitored by G. C. The fbllouring table gives modifications made during the series and results: 



35 



40 



4S 



SO 



55 



60 



65 



10 

BNSDOGID: <EP ^028141 7A2J_> 



0 281 417 

Catalyst Eeaction 

^ fa> Time fhrs.^ 

20-'- CuO 0,48 1 

ZnD 0.01 4 

Ba(CH)2 0.01 7 

21 Ccpper'* 1,0 2 

Zinc'* 1.0 4 





Ba(CH)2 


0.2 


6 


22^ 


CuO 


6.1 


2 




ZnO 


6.1 


4 




Ba(CH)2 


2.0 


6 


23 


CuO 


1.0 


1 




ZnO 


1.0 


3 




BaCl2 


0.25 


6 


24 


CuO 


1.0 


- 






1.0 






BaSO^ 


0.24. 


- 


256 


CUO 


1.0 


2 




Zno 


1.0 


3 




BaOOg 


0.2 


4 


26 


CUO 


1.0 


2 




ZnO 


1.0 


4 






0.49 


6 


27 


CuO 


1.0 


1 




ZnO 


1.0 


3 




BaCQLj 


0.2 


6 


28 


CuO 


1.0 






ZnO 


1.0 


4 




«gO 


0.25 


6 



Convearsion^ 




6.8 


58.4 


4Q 4 








88.9 


84.0 




0 / . J. 




"TO A 


70.6 


87.3 




OS, 9 


95.3 


85.7 


17.7 


Tl,l 


41 9 


7 J. 0 




7 J* J. 








S/.9 


32.6 


83.0 


BEf% C 
3U.O 


84.2 


97.2 


77.8 


T/.O 


85.7 


97.7 


85.0 


59.4 


83.1 


49.3 


85.4 


88.1 


86.6 


100.0 


83.0 


82.5 


92.3 


94.4 


8«.9 
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Catalyst 


Reaction 








Ex. 


fq) 




'Siras fhrs.l 


conversions 


Yield^ 


5 


29 


Coo 


1.0 


2 










ZnO 


1.0 


4 


86.9 


39.2 






A. 

Calcuarn* 


0.14 


6 


96.6 


89.4 




30 


CuO 


1.0 


2 




oo.o 


10 




-ZnO 


1.0 


4 


73.8 


89.9 








0.24 


6 


89.4 


87.9 




31 


OjO 


1.0 








15 




ZnO 


1.0 


— 


_ 








0.2 


6 


93.5 


92.4 






CuO 


1.0 








20 




ZrO 


1.0 










BaCX)3 


0.2 


6 


93.6 


■91.6 




33 


CuO 


1-0 












ZnO 


1.0 








25 




BaG03 


0.2 


6 


93.7 


92.0 



30 



35 



40 



45 



1. 50 g Urdecanol, no YL^ sparge, 

2. "Conversion" is the peircent of the alcchol consuned. 

3. "Yield" is the peircent of the "consumed" alcxJiol that formed 
didecyl msthyiamine, monodscyl methylamine or unsaturated 
didecyl . inethylamine. 

4. As the metal pcwder. 

5. 610.3 g n-decanol, MMA sparge at 2 SCFH. 

6. HMA sparge at 5 cfh. 



A series of experiments was conducted to show the detrimental affect of contacting ttie catalyst with amine 
below reaction temperature. The procedure was the same as used in Examples 20-33. The catalyst in each 
50 case was 1 g CuO, 1 g ZnO, 0.2 g BaCOa. 

In Example 34 a hydrogen sparge of 1 SCFH was maintained while heating tlie n-decanol catalyst mixture to 
200° C over 3D minutes. Then the sparge was changed to 1 SCFH hydrogen plus 1 SCFH MMA for a 6 hour 
reaction at 200° C. 

In Example 35 the hydrogen sp^e during heat-up to reaction temperature was replaced by 1 SCFH MMA 

55 sparge. 

In Example 36 the hydrogen sparge during heat-up was changed to 0.5 SCFH hydrogen plus 0.5 SCFH MMA. 
The following table shows the results after a 6 hour reaction period. 

eo 
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Example Conversion yield, 

34 S3. 6 91.6 

35 53.0 92.8 

36 64.2 94.0 



10 



IS 



20 



2S 



Example 34 shows a typical baseline run with this catalyst. Exampre 35 shows the shaip drop in conversion 
caused by contact of the catalyst with amine during heat-up to reaction temperature. Example 38 shows that 
Inclusion of hydrogen sparge wfth the prennature amine contact can lessen the detrimental affect but does not 
entirely counteract the affect. 

One of the most surprising features of the invention Is that the catalytic components can be added 40 
separately and need not be added as a composite. !t is not apparent how each component can cooperate with 
the other components to give the improved catalytic properties. This is especially applicable to the zinc or zinc 
oxide. Zinc oxide itself has little if any catalytic effect on the alkyiation of amines by alcohols. This can be seen 
in above Example 13. However when zinc oxide [s added to a oopper-containlng catalyst It greatly Improves the 
effectiveness of the copper-contanlng catalyst. The zinc oxide can be mixed with the copper-containing 4S 
catalyst and the mixture added to the reaction vessel or the zinc oxide can be separately added to the reaction 
vessel. For example copper oxide can be added to a reaction vessel containing the alcohol alkylating agent 
and the zinc oxide and barium hydroxide or carbonate added separately to the same reaction vassal. 
Alternatively copper oxide can be mixed with zinc oxide and barium hydroxide or oarlmnate and file mixture 
added to the reaction vessel. In another mode of opfflation the copper, zinc and barium may be impregnated 50 
on a suitable support either all at once from a common solution or separately from different solutions. 
Alternatively the copper, zinc and alkaline earth metal compounds (e.g., nitrates, acetates) may be dissolved In 
an aqueous solution and then mixed with base [e.g., iJa2C03, NaOH) to co-preclpltate the catalyst. 

From the above it can be seen that aftirther embodiment of the invention Is an improvement In a process for 
making a trialkylamlne by reacting an alkylamine selected from mono- and dl-lower alkylamlnes in the liquid 55 
phase with a C8-22 primary alcohol or mixtures thereof in the presence of a copper-containing catalyst. The 
improvement comprises adding zinc oxide to the reaction mixture. Results are improved still further by 
including an alkaline earth metal base, especially barium oxide, hydroxide cartonate or mixtures thereof In the 
reaction mixture. The improved process is preferably conducted in CMilact vrtth hydrogen at least part time. 

Another embodiment of the invention Is tiie catalyst used In the process. This Is a non-colloidal catalyst 60 
consisting essentially of supported or unsupported copper oxide, zinc oxide and an alkaline earth metal base. 
The base can be a barium, calcium or magnesium base sut* as an oxide, hydroxide or carbonate. The 
preferred alkaline earth metal base Is barium hydroxide or barium carbonate. The atom ratio of 
copper:zlnc:alkaline earth metal is preferably 10-30 coppK-:10-100 2lnc:0.1-10 alkaline earth metal. A more 
preferred ratio is 10-30 copper:10-30 zlnc:0.1-10 alkaline earth metal. 
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The preferred alcohol alkylating agents are the Ge-22 mainly atrafght-chain alpha-alcohols. By "mainiy 
straight-chain" is meant that the aloohol is at least 80 mole percent straight-chain. One of the surprising 
features of the reaction that has been observed is that if a minor amount of a branched-chain alcohoi is present 
in the alcohol reactant, it is apparently converted to straight-chain alcoho!. This is based on the observation 

5 that the allcyiation of dimethylamine with a commercial dodecarrol which contained about 5 mole percent of 
branched alcohol yielded dodecyl dimethylamine In which the dodecyl groups were all straight-chain. The 
residual alcohol was analyzed by QC and branched-chain alcohol was not detected In the residue. Spllting the 
residue with a trace of branched-chain dodecanol and further analysis verified that the analytical method was 
capable of detecting branched-chain alcohol. The fate of the branched-chain alcohol is not known with 

10 certainty but it appears that it may be isomerized to form straight-chain alcohol. 



Claims 



15 



1. A process for making trialkylamine by reading a lower alkyiamine selected from mono- and dl-lower 
alkylamines with a Ca-sz primary alcohol in the liquid phase at a temperature of 180-300°C e.g., 
150-275°C, and in contact with a catalyst consisting essentially of copper and/or copper oxide, zinc 
and/or zinc oxide and an alkaline earth metal base, and preferably in contact with hydrogen during at least 

SO a portion of the reaction pe riod. 

2. A process of Claim 1 wherein said alkaline earth metal is barium, calcium or magnesium. 

3. A process of Claim 1 or Claim 2 wherein said alkaline earth metal base is selected from barium oxide, 
barium hydroxide, barium carbonate, calcium oxide, calcium hydroxide, calcium carbonate, magnesium 
oxide, magnesium hydroxide, magnesium carbonate, or mixtures thereof. 

25 4. A process of any one of Claims 1 to 3 wherein said lower alkyiamine is monomethyiamine or 

dimethylamine. 

6. A process of any one of Claims 1 to 4 conducted at 190-230° 0 while removing water formed in the 
reaction. 

6. A process of any one of Claims 1 to 5 wherein said catalyst consists initially of (a) copper and/or 
30 copper oxide, (b) zinc and/or zinc oxide and (o) barium oxide, hydroxide or carbonate or mixtures 

thereof, e.g., copper oxide, zinc oxide and barium cadsonate. 

7. A process of any one of Claims 1 to 6 wherein said alcohol is mainly straight-chain and contains 10-18 
carbon atoms. 

8. A process for making trialkylamines. said process comprising reacting an alkyiamine selected from 
35 mono- and di-lower alkylamines in the liquid phase with a Ce ^zz primary alcohol or mixtures thereof In the 

presence cf a copper-containing catalyst and preferably in contact with hydrogen during ait least a portion 
of the reaction period, zinc oxide being added to the reaction mixture. 

9. A non-colloidal catalyst suitable for catalyzmg the reaction of a mono- or di-lower alkyiamine with an 
alcohol thereby alkylating said amine, said cataiyst consisting essentially of supported or unsupported 

40 copper oxide, zinc oxide, and alkaline earth metal base, e.g., barium oxide, barium hydroxide, barium 

carbonate or mixtures thereof. 

10. The use of a copper containing material, zinc and/orzinc oxide and optionally an alkaline earth metal 
base in making a catEdyst for the edkylatlon of a mono- or di-lower alkyiamine. 

45 
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